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Appendix E 

Auger Type Drill Rig Mounted on 90,000-lb 
Class Hydraulic Excavator 
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Appendix E 

Auger Type Drill Rig 
Class Hydra1 

Mounted on 90,000-lb 
ilic Excavator 

INTERNATIONAL CONSTRUCTION EQUIPMENT 
honic  products solutions s p m s  contact LJS scavch 

Drilling holes for foundation work has never been more affordable and convenient. 
Excavator mounting provides contractor versatility with minimum investment. Heavy-duty 
construction and easy mounting allow liigti production and mimumum set-up time. 

30' (9.liiil iiiaxiiiiriiii tliilliiig depth 
30" 1762iiini) iiiaxiiiiriiii diilliiig tliaiiietei 
30,000 II) (133 kN) extraction foice 
'15.000 II) (66 kN) crowd foice 
Self electing 
Desigiietl fo i  excavatois of 90,000 I ts  a i i t l  

111) 

Technical data - hlotlel 3030 Diill mast 

M a x  drilling depth 30 ft 

f;,l a x d rilli n g d iqrnet er 30 in 

M a x  torque 30,nnn tt-lb 

Crowd strohe 30  fi 

Extraction pull w i th  t n p  w n c h  

Down crowd wi th  rear w n c h  

W e i y h t  ,with ICE 3060 auger 
and 24"(T310mm) flighting 

30,000 Ibs 

15,000 Ib 

16,200 Ib 

hl i n I m u m e Y c a at n r we 1 g ht 90,000 ib 

Uses ICE fvloclel 3060 aiigei o i  eqrial 
Adjusts fore & aft rising excavator cyliiitlei. 
IOo sitle-to-sitle atljristineiit 
Coiitiolletl hy excavator joy-sticks 
No iiioclificatioiis to excavator lrytliarilic 
syst e 1x1 

Optional 3" (75iiriii) grout swivel 

9 1  m 

760 mm 

40 k N m 

9 7 m  

133 kld 

66 khl 

7350 kg 

40,000 k g  
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Appendix F 

Injection Grouting Methods, 
Hayward Baker 
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Appendix F 

Injection Grouting Methods, 
Hayward Baker 

H A Y W A R D  B A K E R  I N C  

r;inge of applications. 

HAYWARD 
BAKER 
-rriirL 

et grouting is a (;round bloditication'"' sl-stern used 
to ixate i n  situ, cenii:ntr.il formations of soil callcd J Soilcrerc. 

Applications of tht. jet sgrouting system fall into thrw broad i 
cJtt?gOfieS: 

+ untlerpinning m&or rxcavation support 
+ temporart oi- permanent stabilization of soli 

+ grounciwatcr or pollution control 
and'or liquefiable soils. and 

Jet &Touting is ;in alternative to traditional grouting sys- 
tems, deep sluri.!; trenching, proprietaty underpinning 
systems, micropiling. or the use of compr 
freezing in tuniieling. 

The ability to construct Soilcretr in ctmfinetl spaces and 
arollnd subsuiface obstructions such as utilities, pro\ides 
a unique degree of design flexibility. Intieetl, in any situ- 
ation requiring control of groundwrater oi- esiavation of 
unstable soil (water-bcwing or otherwise) jct grouting 
should be considered. 

Lrsually. jet grouting can be accomplished without tlisrup- 
ing normal facility operations. Jet gniuting is not only one 

( i f  construction available but i n  
is so hist that construction schetl- 
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Jet Grouting Systems and Applications 
here are three: traditional jet pouting syslems. Selection of the most appropriate system 
is generally a function oi thc in situ soil. the application. and the physical characteristics of T Soilcretc required for that application. However, any system can be used for almost any 

application providing that the right design and operating procedures are used. 

GmYt 

I 

I 
I 

Single Fluid Jet Grouting (Soilcrete S) 
Grout is pumped through the rod and exits the horizontal 
nozzlc(s) in the monitor with a high velocity fapptoximately 
(550 fthec (200In’sec)l. This energy causes the erosion of the 
k~ountl and the placement and mixing of grout in the soil. In 
~~avelly soils, Soilmete column diameters of 2-4 ft (0.6-1.2rrr) 
can be achieved. In loose, silty and sandy soils. larger diam- 
eters arc possible. Single rod jet grouting is generalli- less 
effective in cohesive soils. 

Double Fluid Jet Grouting (Soilcrete 1)) 
.4 two-phase inteina! rod system is cnil)loyed for the separate 
supply of grout aid air down to different, concentric iiozzles. 
Grout is used for eroding and mixing with the soil. The air 
shrouds the grout jet and increases eros~on efiiciency. 
Soilcrete colurnns with mOre than 3 f t  ! I . ~ I )  diameter in 
medium to dense soils and more than 6 h (1.8m) in loo 
may be achieved. The double rod system is niore effective 
in cohesive soils than the single rod system. 

Triple Fluid Jet Grouting ( Soilcrete T) 
Grout. air and water are pumped throuxh differcrit lines to 
the monitor. High velocity coaxial air and watei- foi-m the 
erosion medium. Grout emerges at a lower ve l i r i ty  from 

below the erosion jet. This somewhat 
ion process from the grouting process 

and yields a highcr quality Soilcrete. Soilcrete columns with 
diameters ranging from 3 ft  (0.9m) to more than 5 I t  (1.5m) 
can be achieved. Triple rod jet grouting is the most effective 
system for cohesive soils. 

SuperJet Grouting 
Grout. air and drilling h i d  are pumped Lhrough sepmt 
bers in the drill string. iJpon reaching the desikz dnll depth. jet 
g-outing is initiated Mith high veltxity. c.oa?iial ail- and grout slur- 
ry to crtxle and mix with the soil, while the pumping of (Lrilling 

tem uses opposing nozzles and a highly 
sophisticated jetting monitor specifically desiqed f i r  focus of 
the injection media. Using veiy slow rotation and lift, Soilcrete 
cr~lunin diameters uf 10-16 It (3-5m) can he achieved. This is thc 

abjlizatinn appllcatitm oi- where 

* 
+ Mostfinegmned sod 

sfabilwfum 

+ S h u C f u m l ~ S  m s s  

* sl&lwtm of soft soll 
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Jet Grouting Grotechnical and Structural Considcmtions 
IS!. thc u;iilest range 01 soil typei oi a n )  .moiiriiig systcm, tiicli~(ltiig 

Highly Erodible 

Cobbly Soils 

Gnveily Sails 

Clean Sands 

Loore Siky Sands 

Peiu and Organic Silts 

Denre Si l ry Sands 

Loore Clayey Sands 

LOW Fiarr,c,ty SlltS 

Low Fiarcic,q Clay* (soil) 

Low Plar0oty ciq. (row 

Denre Clayey Sands 

High Plarticq Selrr 

Difficult to Erode 
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Jet Grouting Design and Quality Control.. . 
R 

Jet groiitiiig systems u n  be clesigxxJ to mix the soil with a grout or nearly re1)bce it 
with grout. For tutderpinning anti  esc;tvation supprrt (with groundwater control). the 

of developing a crmtiguous Soilcrete niass t o  resist overtirinrng anti 
sliding while maint;liiilng thr Intrgnnty of supprrted stluctul-es arid ncar-by utilities. 

'lhc design engineer should a 
Soilcrete for bearing antl st%lement. Evaluation of ititcrnal strcsses (shear and bend- 
ing) in the Soilcrete will pmvitle guidance for I-equiretl Sodcr 
strength is a function of the in  situ soils and strength variations are to be expected. 
A facror of3.0 is thereiore applied to the required Soilcrek sfr-ength for an average 
alklwablt? strenglh. 

Soilcrete Design and Operating Paramettm 
Theorc,tically, treatment tieprh i> unlimited, but Jet Grouting has rarely been per- 
lo~-mcd in depths Aqater than 164 It (5th). Treatment can als~i be pinpointed to a 
specific strata. The size of til? Soilcrere niass to he a-rated is determined by the 
applit.alion. A variety of gccmetries are arailable as shown at light. The width or 
dianirtrr of each pancl or column is (letermined dwing the desiy stagt:. A C C W A ~ .  
detailed and frequent tlcscription of so11 type, with reasonaltle 
sti-en@k or dmsity allows this pred~~. ' t~on  io hc rnadc with confideni.e. If required. 
shear aiict'or tensile reiriforccmcnt can he iitcorporatt:tl into the Soilcrete. 

'fhe operating jjiir;~n~eIer\ of air. water and411- Kr,?-oui tlow, and pressurc., together 
with monitor rotation and withdi-awal sprcd are selttcYed (f0~k)wiilg detailed en$+ 

ally cuntmlled and nlonitored 
ui thdrawal s~)c.ed prtrtl iii 

icnt of soil conditions) and aut( 
~iru~-tioii. lieduccttl tlo\v or iitct- 

smaller Soilci-ete geriiiit.try. 

hwMe Panel Wall 
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Quality Assurance 
Quality assurance and quality control are critical compments of a suc- 
cessful jet grouting program, ensuring that subsurface soils are consis- 
tent with design assumptions and that design parameters are met or 
exceeded throughout the project. 

Quality assurance begins with a test section to verify the design gcome- 
try (if the Soilcrete and the quality and strength characteristics of the 
Stdlcrete product. 

Kctrieved wet-grab and core samples are laboratory tested to confirm 
that satisfactory unconfined compressive strengths are achieved. The 
pre-production quality assurance measures form the basis for quality 
control during production grouting. Computerized data colle&on of all 
jet grouting parameters is available along with continuous real-time 
observation. 

Quality Control 
In  addition to the quality control inspection items fo r  Soilcrete 
element constryction, add tional project-specific quality control measures 
such as structural n~onitoring or permeability testing may be required. 

Controlled jet grouting must create a spoil material during the erosion 
process. The volume of spoil can be predicted kom the injected volumes 
and is typically in the range of 40-60 percent of the Soilcrete volume. 
' h e  spoil retains a significant cement content. and gains strength over 
time. Within 12 hours it can typically be handled as a firm Lo stiff clay and 
is frequently used as a consbuction fill. 

1 I Drillins Locab. angle. depth. methods to maintain 
' repeaebJhy 

J.tting Checbm obdnll parameters pft, speed. rotalion 
rate) and in18ch-1 parametars (pressure and 
fbw d all wmponanls) 

'3 properly designed stnicture should be unulyzud 
by u professwnul engiiiterfumiliar with the sitt! 

conditions mid technologies applzed.'7 

PSI kN/m2 
1500- 

2oo 1 
m Sands and Gravels 
$ 1000 ._ 
YI 

2 
$ 750 
V 
u 
C 

0 
C 
13 

g 500 

250 

0 10 20 30 40 50 60 

i Sampling Retrieval of rwesentalwe samples for external 
sndT.alng testlng 

__ _- 
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Jet Grouting Case Histories e 

F T O  Kraft Foods 
Ihver, D ~ ~ I ~ i w t r t ~  

For consti-u<.ttciii r i i  J 20 i t  ( t i tn) deep milcar iinload- 
irig pit within ;in esistiiig building, jet qr)titing per- 
for med t lir r c lu t i  c t i o  t is  : cxc; iv~ t i o n  support .  
iitirlerpintiiny, arid griiittlt1w;iter coiitrol. To meet 
prnjcct p<~rtontian~.e crt>je~~ttws, ii ‘hatlitiih’ contigura 
tioii L C ~ Z  consrrricteil vi;i it pet-meter wall t)i 20 ft 
(cim) dwl), i t i ic’ iCOtii i t ’(.ted jer groiited coliiiriits 

etrclosing a ti it (1.Xni) thick jc t  jirouted ltase. The 
pcr i inetrr  coliitiiiis provided excavation sitpport 
while those at the corncis of the pit also tinder- 

trill!- prevented I)uiidirig 
and liorizonwl gniuiitlwater 

5 

Ct‘tlt fOOt. l t l~S.  The jet g i < l U t  

int i l t ra t iot i .  

FT 0 

4 

9 

21 

28 

35 

. 
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J E T  G R O U T I N G  

Advantages 
of Jet Grouting 

Hayward Baker Inc. 
Maryland 

Califorma 

r > + * , i i  

lorida 

HAYWARD 
BAKER 
h Y 1,- < 0 i"" 

+LLER 
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Appendix G 

High Pressure Swivel, 
Western Rubber Manufacturing 



Identifier: EDF-5153 
Engineering Design OU 7-13/14 In Situ Grouting Project Revision: 0 
File Hydraulic Excavator and Drill-Injection Rig Page 112 of 123 

This page is intentionally left blank. 



Identifier: EDF-5153 
Engineering Design OU 7-13/14 In Situ Grouting Project Revision: 0 
File Hydraulic Excavator and Drill-Injection Rig Page 113 of 123 

Appendix G 

High Pressure Swivel, 
Western Rubber Manufacturing 

STERN 
RUBBER 8r MFG. 
(281 1 SQ0-S 1815 

ShE INLET SWIVEL 
30RG 

0 

rn 

* Cornpaddesign 

rn 

Can be used to increase fluid passage, maximum of 2-1/2' ID 
Models for both WATER WELL and MINERAL EXPLORATION drilling 
Can be used for both air and mud rotary dnlling 
Sealed radial ball bearings for smooth rotation 
Non adjustable Chevron (V-ring) packing, grease lubricated 

Can be easily repaired in the field if necessary 
Available with numerous thread forms and sizes 

8K (SPECIAL SWIVEL) 

0 

0 

6,000 PSI Working Pressure 
For High Pressure grouting 
Compact design 

0 

0 2" Watercourse 

Sealed Radial Ball Bearrngs for smooth rotation 
Non Adjustable grease lubricated Chevron (V-Ring) packing 

Numerous applications in the directional drilling market 

"PLEASE STATE StZE AND TYPE OF THREADS WHEN ORDERING. 
"OTHER SIZES OF CONNECTIONS AVAILABLE, PLEASE CONSULT FACTORY 

8K 
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Appendix H 

Active Control of Hydraulic Control Circuits 
(HMC, MOVAC Auto Sensing II) 
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Appendix H 

Active Control of Hydraulic Control Circuits 
(HMC, MOVAC Auto Sensing 11) 

Contact Iafo 

I- H e r c u l m s c o r p .  
3101 New Haven Ave. 
Fort Wayne, IN 46803 

Amtion Miehacl Mt?chan 1-260-615-5203 or John Jinnings 1-260615-5210 

Cwtmmxs' referalcea and c m n t  job usage CBII be provided on request. 

Rt. McCoy 250-625-3443, &l VanAfle~~ 
J. H. Maxymillian 433-499-3050, Tony Consolini 
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SPECIFICATIONS 0 F THE MOVAX 

Colttiarted on page #3 

NlJPOR 
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MANUFACTURING THE WORLD'S FINEST PILEORNlNG EQUIp1uEN7 SINCE 1974 8 
Home to f7re Mowax 

CORPORATE OFFICE: 3101 NEW HAVEN AVE, FT, WAYNE, IN 46803 W E W E  8003481890; FAX 260422-2040; 
WMAtBrlhwn.hmoYa.snml 

CebbF 

- rtkLboom - buckel Cable 0 
ONEOFF vrlves: 
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